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ENZYMATIC COMPOSITIONS AND METHODS FOR PRODUCING 
STONEWASHED LOOK ON INDIGO-DYED DENIM FABRIC 

Cross Reference to Related Applications : 

This application is a continuation-in-part of USSN 
07/897,721 filed June 12, 1992. 

Field of the Invention : 

This invention relates to compositions and methods for 
reducing or preventing the backstaining of blue indigo dye 
onto denim during the stonewashing of denim fabric and 
garments utilizing cellulase enzymes. 

Background of the Invention : 

Denim is cotton cloth which has been dyed, usually blue, with 
the dye indigo. One desirable characteristic of indigo-dyed 
denim cloth is the alteration of dyed threads with white 
threads, which upon normal wear and tear gives denim a white 
on blue appearance. A popular look for denim is the 
stonewashed look. Traditionally stonewashing has been 
performed by laundering the denim material in the presence of 
pumice stone which results in fabric having a faded or worn 
appearance with the desired white on blue contrast appearance 
described above. This stonewashed look primarily consists of 
removal of dye in a manner to yield a material with areas 
which are lighter in color, while maintaining the desirable 
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white on blue contrast, and a material which is softer in 
texture . 

Enzymes, particularly cellulases, are currently used in 
processing denim. In particular cellulases have been used as 
a replacement for or in combination with pumice stones for the 
traditional "stonewashing" process used to give denim a faded 
look. Use of enzymes to stonewash has become increasingly 
popular because use of stones alone has several disadvantages. 
For example, stones used in the process cause wear and tear on 
the machinery , they cause environmental waste problems due to 
the grit produced and result in high labor costs associated 
with the manual removal of the stones from pockets of 
garments. Consequently, reduction or elimination of stones in 
the wash may be desirable. 

Contrary to the use of pumice stones, enzymes (particularly 
cellulases) are safe for the machine, result in little or no 
waste problem and drastically reduce labor costs. Therefore, 
it may be beneficial to use enzymes for stonewashing. 
However, even though the use of enzymes such as cellulase may 
be beneficial as compared to stones alone, there are some 
problems associated with the use of enzymes for this purpose. 
For example, one problem with some cellulases, such as 
cellulases from Trichoderma, is what could be described as an 
incomplete removal of dye caused by "redeposition" or 
"backstaining" (both terms used interchangeably herein) of 
some of the dye back onto the fabric during the enzymatic 
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stonewashing process. Such redeposition or backstaining 
causes blue coloration of the surface, resulting in less 
contrast between the blue and white threads and abrasion 
points (i.e., a blue on blue look rather than the preferred 
white on blue). See American Dyestuff Reporter, Sept. 1990, 
pp. 24-28. 

Redeposition or backstaining is objectionable to some users. 
Even though Trichoderma cellulases exhibit backstaining, they 
are preferable to Humicola cellulases, which do not generally 
exhibit backstaining, because of the higher specific activity 
on denim material seen with Trichoderjna cellulases. In 
addition, cellulases with a higher degree of purity may be 
beneficial in the present invention. High specific activity 
or a high level of purity results in a higher degree of 
abrasion in significantly shorter processing times and, 
therefore, is preferable to the denim processors. 

The problem of redeposition of dye during stonewashing has 
been a concern of denim processors. Previous attempts to 
address the problem include addition of extra anti- 
redeposition chemicals, such as surfactants or other agents, 
into the cellulase wash to help disperse the loosened indigo 
dye and reduce redeposition. In addition, denim processors 
have tried using cellulases with less specific activity on 
denim, along with extra rinsings. This results in additional 
chemical costs and longer processing times. Another method 
attempting to address the redeposition problem includes adding 
a mild bleaching agent or stain removing agent in the process. 
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This method affects the final shade of the garment and 
increases processing time. 

While th se methods aid to some limited degree in the 
reduction of redeposition, the methods are not entirely 
satisfactory and some objectionable backstaining remains. Use 
of enzymes and stones together may be advantageous in 
overcoming this redeposition problem; however, it leaves the 
processor with some of the problems associated with the use of 
stones alone. 

Based on the shortcomings of previously attempted methods for 
reducing or preventing redeposition, there is a need for more 
environmentally favorable and more cost effective methods to 
address the issue of redeposition or backstaining of dye 
during stonewash treatment. 

Accordingly, it would be desirable to find an enzymatic 
composition or method that would enhance the removal of the 
dye during stonewashing when redepositing or backstaining 
cellulases are used which, although exhibiting backstaining, 
have a high degree of specific activity on denim material. 
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Figures ; 

Figure 1 shows graphics of comparative reflectance 
measurements of stonewashing with a redepositing cellulase and 
different added proteases, as described in Examples 1, 2 and 
3, vs. a redepositing cellulase control. 

Figure 2 shows graphics of comparative reflectance 
measurements of stonewashing with a redepositing cellulase and 
different added proteases vs. a redepositing cellulase 
control, as exemplified in Example 4. 

Summary of the Invention : 

Applicants have found that treatment of cotton indigo-dyed 
denim with an effective amount of a redepositing or backstain 
inhibiting composition comprising a redepositing cellulase 
composition and added protease that is in excess of the 
amounts naturally present in a redepositing cellulase 
preparation produced by a natural organism is an improvement 
over redepositing cellulase alone as a method for introducing 
variations in color density into the surface of the indigo- 
dyed denim. The result of treatment with such a composition 
is an improvement in the contrast between white and blue 
threads, achieving more complete dye removal (more like that 
achieved with pumice stones) . The improvement in the contrast 
is due to a reduction in dye redeposition, resulting in 
abrasion points which are more distinct and display greater 
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contrast between white and blue yarns, giving a superior 
stonewashed look, A small percentage of surface active 
chemical surfactant may optionally be added to the 
compositions or methods described herein. If a surface active 
agent is added, it may be added either with the cellulase and 
protease in the wash or with the protease as an after 
treatment rinse to enhance the proteolytic effect. 

Detailed Description of th e Invention; 

Denim that is stonewashed with the addition of an effective 
amount of added protease during cellulase treatment with a 
redepositing cellulase shows a dramatic reduction in the level 
of backstaining and a visible increase in the contrast between 
white and blue threads, i.e., a more complete stonewash 
effect. While applicant does not wish to be held by any 
particular theory, one possible explanation for this might be 
that certain components present in redepositing cellulase 
compositions (see definition below) which comprise mixtures of 
several enzymes may bind tightly to the denim surface- These 
components may also bind dye-stained cellulose fragments 
and/or the dye itself, thus binding the colored materials or 
dye back on to the fabric. The addition of added protease 
effectively removes or prevents the cellulase proteins from 
binding the colored particles back onto the surface of the 
denim and yet, surprisingly, does not adversely effect the 
resultant abraded look caused by the action of the cellulase, 
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Prior to discussing this invention in further detail, the 
following terms will be defined. 

The t rm "added protease" refers to an incremental amount of 
protease over the amount which is produced naturally by a 
microorganism. This incremental amount will result in 
reduction of backstaining when added to a redepositing 
cellulase composition during the stonewashing process. 
Preferably, such an incremental amount is at least 1% more 
than the amount of total protease protein naturally occurring 
in the microorganism that produces the redepositing cellulase 
composition. The amount of added protease is determined by 
many factors such as the purity, activity and specificity of 
the added protease, for example. Therefore, the incremental 
amount of added protease will vary with the type of protease 
added to the redepositing cellulase composition. 

"Added protease", as used herein, may be derived from either 
exogenous or endogenous sources. Added exogenous protease 
refers to those proteases which degrade proteins that are 
derived or developed externally from those naturally present 
in the cellulase composition of the microorganism. 
Alternatively, the added protease may be endogenous. In this 
case, added endogenous proteases refers to an amount of 
protease in a redepositing cellulase composition that is over 
and above what is naturally produced by the microorganism by 
overexpression of the gene encoding the naturally occurring 
protease. The amount of enhanced protease produced by 
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over expressing the gene encoding the protease is an amount 
that will result in inhibiting or reducing backstaining in the 
stonewashing process. Preferably, the enhancement is at least 
1% greater than the amount of protease naturally occurring in 
the microorganism. 

Proteases are available from several sources including 
microbial, plant and animal sources and are well documented in 
the literature. Some important commercial proteolytic sources 
include Bacillus licheniformis, Bacillus subtilis and 
Aspergillus oryzae. Proteases suitable for the invention 
include, for example, serine, metallo and acid proteases, as 
well as endo- and exo-proteases. Subtilisins are serine 
proteases which generally act to cleave internal peptide bonds 
of proteins and peptides, Metallo proteases are exo- or endo- 
proteases which require a metal cof actor for activity. One of 
the preferred serine proteases is subtilisin. Particularly 
preferred proteases useful in the present invention are 
proteases obtained from a microorganism genetically modified 
as described in US Patents 4,760,025 and 5,185,258, each of 
which is incorporated herein by reference. 

The term "cellulase composition" comprises one or more exo- 
cellobiohydrolase (CBH) , endogluconase (EG) and j3-glucosidase 
(BG) components produced by a naturally occurring 
microorganism, wherein each of these components is found at 
the ratio naturally produced by the microorganism and 
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sometimes referred to h rein as a "complete or natural 
cellulase composition." 

It is contemplated that the cellulase compositions of the 
present invention may also include a cellulase composition 
obtained from a microorganism genetically modified so as to 
overproduce, underproduce or not produce one or more of the 
CBH, EG and/ or BG components of cellulase. 

A "redepositing or backstaining cellulase" as used herein 
refers to those cellulases, for example Trichoderma, which in 
the enzymatic stonewashing of denim tend to backstain the 
fabric leading to incomplete stonewashing when compared with 
stones alone or to cellulases which do not backstain, such as 
from Humicola* Redepositing or backstaining cellulases are 
derived from microorganisms such as fungal microorganism 
Trichoderma sp. or any other microorganism that produce 
cellulases displaying a backstaining or redepositing effect on 
denim in the stonewashing process. 

The methods of the present invention comprise contacting the 
denim to be partially or wholly enzymatically stonewashed with 
an added protease in an amount sufficient to reduce 
backstaining and thus, to increase the contrast between blue 
and white fibers. The protease may be added with the 
cellulase or added separately and directly to the wash or 
rinse water. It should be noted that the cellulase stonewash 
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bath may or may not include the liquor from the previous 
desizing step. 

The redepositing or backstain inhibiting compositions of the 
present invention comprise added protease (s) and redepositing 
cellulase(s) . In a particular embodiment, the redepositing or 
backstain inhibiting composition of the present invention 
comprises a redepositing or backstaining cellulase and added 
protease in a ratio of from about 5 ppm total protein in the 
redepositing cellulase: l r 000 ppm total protein in the added 
protease to 1,000 ppm total protein in the redepositing 
cellulase: 1 ppm total protein in the added protease. Total 
cellulase and protease protein can be measured by various 
assay methods known in the art. The assay preferably used 
herein is a commercially available biuret Lowry assay sold by 
Sigma Company, using bovine serum albumin (BSA) as the 
reference standard. 

The redepositing or backstain inhibiting compositions may 
further comprise various adjuvants as known to those skilled 
in the art. For example, a surfactant (anionic or nonionic) 
compatible with the redepositing cellulase and added protease 
would be useful in the compositions of the present invention. 
Preferable surfactants are nonionic, such as the 
polyoxyethylated alcohols found in the TRITON® series of 
sur f actant s ( octy lphenoxypo lyethoxy e thano 1 non i on i c 
surfactants) which are commercially available from Union 
Carbide. See, for example, US Patent 5,006,126 for a sample 
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of these compatible surfactants. It should be noted that 
inclusion of a surfactant may further increase the 
stonewashing effect in combination with the redepositing 
cellulase and added protease. Other materials can also be 
used with or placed in the composition as desired, including 
stones, fillers, solvents, buffers, pH control agents, enzyme 
activators, builders, enzyme stabilizers, other 
antiredeposition agents and the like. The backstain 
inhibiting compositions may be formulated as a solid product, 
granular product or as a liquid product. 

Added proteases used in the present invention may be added to 
redepositing cellulase for use in stonewashing or added 
directly to the stonewash cellulase bath or to a subsequent 
rinse treatment solution such that the redeposition is reduced 
by about 5%, preferably about 10%, via measurement of 
reflectance off the backside of treated garments when compared 
to the stonewashing with cellulase alone. The measurement of 
reflectance values is described more fully in the Experimental 
section of this application. It should be noted, however, 
that the values measured for reflectance are compressed as 
compared to the visual differences seen when comparing treated 
versus untreated fabric. Visual observation is a more 
sensitive indicator of the stonewashing effect. Thus, visual 
observation of the backstaining on the backside of the garment 
reveals greater differences between treated and untreated 
fabric, as compared to measurements determined by a 
ref lectometer. 
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In an embodiment of the present invention, the redepositing 
cellulase and added protease are present in a ratio of from 
about 5 ppiri total protein in the redepositing cellulase: 1,000 
ppm total protein in the added protease to 1,000 ppm total 
protein in the redepositing cellulase: 1 ppm total protein in 
the added protease* 

One skilled in the art will realize that the effective amount 
of added protease will vary depending upon a number of well 
understood parameters, including the amount and purity of 
redepositing cellulase used, as well as the amount of 
redeposition which occurs without protease, the contact time, 
the amount of dye removed during stonewashing, the specific 
activity of the redepositing cellulase and/or added protease, 
the pH and temperature of the stonewashing process, the 
formulation of the product (liquid versus granular) and the 
like. It is well known in the art that specific activity of 
added protease and/or redepositing cellulase can be modified 
by genetically engineering a strain to change or modify 
components of interest. For example, the overexpression of 
certain cellulase components is demonstrated in US Application 
07/770,049, which is incorporated herein by reference.* 
Protein engineering techniques can also be used to modify 
enzyme activity or specificity, see for example US Patent 
4,760,025, which is incorporated herein by reference. 

It will be a simple matter to titrate the added protease with 
several washings and visually observe the resultant denim 
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samples to achieve an effective amount which results in a 
r duction in backstaining. It should be noted, however, that 
there is a balance between the proteolytic effect on reducing 
backstaining and the proteolytic effect on reducing abrasion. 
One must find the optimum ratio of redepositing cellulase to 
added protease to achieve the antiredeposition effect without 
adversely affecting abrasion. 

Reflectance values can be used as well to track the degree of 
redeposition on the backside of the garment but do not 
accurately reflect the contrast between fibers on the abraded 
front side of the garments. Differences in redeposition 
determined visually are more pronounced than with reflectance 
values, but reflectance values do show the effect to a lesser 
extent . 

Redepositing or backstain inhibiting compositions of the 
present invention for addition to denim stonewash solutions 
(either as a solid or liquid) while comprising a redepositing 
cellulase (s) and added protease (s) , may further comprise other 
adjuvants, such as surfactants, fillers, dispersants, buffers 
or pH control agents, enzyme activators, builders, enzyme 
stabilizers or other antiredeposition ingredients. One 
skilled in the art can readily compare the results of various 
combinations and ratios of solutions to optimize the selected 
components of such compositions. However, applicants have 
found that depending on the type of enzymes used and the 
particular mixture of selected ingredients mentioned above, 
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the range of enzyme ingredients will preferably be within a 

ratio of from about 5 ppm total protein in the redepositing 

cellulase: 1,000 ppm total protein in the added protease to 

1,000 ppm total protein in the redepositing cellulase: 1 ppm r 

total protein in the added protease, as previously defined. 

This ratio will accommodate various combinations of specific 

activity of both redepositing cellulase and added protease, 

from both high specific activity to both low to variations in 

between, where one enzyme is relatively high in specific 

activity and the other relatively low. In addition, this 

ratio will accommodate various combinations of different 

purity of enzymes, from both highly pure to both having low 

purity to variations in between where one enzyme is relatively 

pure and the other has relatively low purity. 

Where a surfactant is included in the composition, it will be 
about 5-85% of the total weight of either the liquid or dry 
composition. It is also possible to add the components 
separately, all at once, or sequentially (including separate 
rinse cycles) • The amount of composition to use to treat 
denim would depend on the amount of enzymes active on the 
denim substrate and their specific activity on that substrate, 
the desired amount of stonewash effect and other parameters 
within the skill in the art. 

The following examples are illustrative of the effectiveness 
of the compositions and processes of the present invention and 
are not intended to be limiting. Other choices of added 
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protease or redepositing cellulase, as well as wash conditions 
such as concentration, measurement, pH, temperature and the 
like, will be evident to those skilled in the art based on the 
t achings herein. 

Experimental : 

EXAMPLE 1 

A 50 lb. Unimac dye/ washing machine was used. Approximately 
10 lbs. (-3.8 kgs.) of desized test denim garments were placed 
in the machine. The machine was filled with 10 gals. (38 L) 
hot water and brought to 1312F (552C) . The liquor ratio was 
10:1 (kg. garment: liters liquor). The liquor was buffered to 
pH -4.9 with 44 grams citric acid, monohydrate, and 100 grams 
sodium phosphate dibasic. 

Once pH was established, redepositing cellulase enzyme 
INDIAGE® 44L (Triahoderma cellulase composition, commercially 
available from Genencor International, Inc.) was added at a 
rate of about 0.5 ml of product/L of wash liquor (62.5 ppm 
total protein) . Protease enzyme, GC899 (a serine 
endopeptidase from Bacillus subtills, available from Genencor 
International, Inc.) was then added at about 2.5 ml of 
product/L of wash liquor (163 ppm total protein) . This 
resulted in a dose ratio of about 1:2.6 based on total 
protein. The garments were washed at 36 rpms for 60 minutes. 
After this, the bath was dropped. 
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The garments were then rinsed according to a standardized 
protocol in three consecutive cycles of clean liquor. Rinse 
#1 = 24 gals, hot water, approximately 50CC, plus -100 grams 
standard detergent WOB (from American Association of Textile 
Chemists and Colorists [AATCC] , WOB = without brighteners) . 
Agitation was for 12 minutes at 36 rpms. The bath was 
dropped. Rinse #2 = 24 gals, warm water, -40*0, with no 
additional detergents, agitated for 5 minutes. The bath was 
dropped. Rinse #3 = 24 gals, cold water, ~30ec, with no 
additional detergents, agitated for 5 minutes. The bath was 
dropped. Garments were extracted and dried in a standard 
electric clothes dryer ♦ 

Reflectance readings were taken off the backside of the 
garments using a Hunter Color Difference Meter (ref lectoraeter 
apparatus) . Reflectance was measured as the percent 
reflectance (or transmittance of light off treated fabric) 
where L - 100 units is white, and L = 0 units is black. 
Compared to redepositing cellulase treatment only 
(redepositing cellulase control « 0.5 ml of INDIAGE® 44L 
product/L wash liquor) , the redepositing cellulase plus added 
protease treated garments resulted in significantly reduced 
backstaining with similar levels of abrasion (39.07 
[redepositing cellulase control] vs. 42.87 [redepositing 
cellulase and added protease] reflectance values) . These 
reflectance values confirmed visual observations. The added 
protease treatment resulted in a better abraded contrast 
overall. See Figure 1. 
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EXAMPLE 2 

This test was substantially similar to Example 1 with the same 
type and amount of redepositing cellulase being used but with 
a different amount of the same added protease. This was about 
0.5 ml of product/L of wash liquor (33 ppm total protein) of 
the added protease. This resulted in a dose ratio 'of about 
1:0.5 based on total protein. All other processing parameters 
were the same* 

Compared to redepositing cellulase control, reflectance 
readings were significantly different between the two 
treatments, but level of abrasion was not. Cellulase control 
= 39.07 vs. cellulase and protease = 41.21. The final abraded 
look had better contrast for the added protease treated 
garments as compared to untreated (no protease) control, 
however, added protease treatment in Example 1 was better than 
Example 2, showing the titration effect of added protease. 
See Figure 1. 

EXAMPLE 3 

The redepositing cellulase treatment was the same as in 
Example 1 but without the addition of added protease. The 
bath was dropped and the standard rinse cycle was begun, as 
described in Example 1 with the following exception: 1 ml of 
GC899 protease per liter of rinse liquor was added at the 
beginning of Rinse #1. A total of 100 mis of added protease 
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product was used (65 ppm total protein) . All other conditions 
remained the same. 

Use of the added protease with detergent in the rinse cycle 
resulted in significantly reduced backstaining when compared 
to cellulase control rinsed with detergent alone. Reflectance 
values were 40.66 for the added protease rinse vs. 39.07 for 
the standard rinse without added protease. The degree of 
abrasion was the same for both treatments, although the added 
protease rinsed garments showed better overall contrast than 
the standard rinse without added protease. See Figure 1. 

EXAMPLE 4 

Utilizing the cellulase washing protocol described in Example 
1, the following added protease products were tested, along 
with 0.5 ml of product/L of wash liquor of redepositing 
cellulase enzyme (62.5 ppm total protein) INDIAGE® 44L 
(Trichoderma cellulase composition, commercially available 
from Genencor International, Inc.): 

1. MULTTFECT™ P64 (bacterial protease derived from Bacillus 
licheniformis and commercially available from Genencor 
International, Inc.), dosed at about 5 g of product/L of wash 
liquor (71 ppm total protein) to yield a dose ratio of about 
1:1 based on total protein; 
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2- MULTIFECT™ P53 (bacterial protease derived from Bacillus 
subtilis and commercially available from Genencor 
International, Inc.)/ dosed at about 5 g of product/L of wash 
liquor (88 ppm total protein) to yield a dose ratio of about 
1:1.5 based on total protein; 

3. MULTIFECT" 11 P41 (fungal protease derived from Aspergillus 
oryzae and commercially available from Genencor International, 
Inc.)# dosed at about 5 g of product/L of wash liquor (172 ppm 
total protein) to yield a dose ratio of about 1:2.75 based on 
total protein; 

4. Subtilisin GC399 (available from Genencor International, 
Inc.)/ dosed at about 2.5 g of product/L of wash liquor (238 
ppm total protein) to yield a dose ratio of about 1:4 based on 
total protein. 

All added protease treatments resulted in less redeposition 
with similar abrasion levels when compared to redepositing 
cellulase control garments. In each case, added protease 
treatment improved overall contrast of the abraded look. See 
Figure 2. This example shows the effect of added proteases 
from various microbial sources which show the same 
antiredeposition effect as the added protease used in the 
previous examples. 
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EXAMPLE 5 

A series of cellulase washes were run in order to demonstrate 
the efficacy of added protease prot in per se £s opposed to 
the formulation components of the added protease product in 
reducing the degree of redeposition. GC899 protease protein 
was used, which contained no enzyme product formulation 
components other than the protease protein. The same 
cellulase washing procedure was used as described in Example 
1. 

The following treatments were run: 

1. Buffer Control (no protease or cellulase) . 

2. Redepositing Cellulase Control = 0.5 ml of product/L wash 
liquor (62.5 ppm total protein) dose of INDIAGE® 44L 
(Trichoderjna cellulase composition, commercially available 
from Genencor International, Inc.). 

3. Nonredepositing Cellulase Control = 2.5 ml of product/L 
wash liquor (100 ppm total protein) dose of DENIMAX™ L 
(endoglucanase derived from Humicola, a non-pathogenic mold 
and commercially available from Novo Nordisk) . This was the 
recommended dose of the manufacturer. 

4. Added Protease Treatment = 0.5 ml of product/L wash 
liquor (62.5 ppm total protein) dose of INDIAGE® 44L 
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(Trichoderma cellulase composition , commercially available 
from Genencor International, Inc.) plus about 0.18 mis of 
GC899 protease protein/L wash liquor (25 ppm total protein) . 
This resulted in a dose ratio of about 1:0.4 based on total 
protein. 

All treatments were run at pH 5 except for the nonredepositing 
cellulase treatment , which was run at pH 7 according to the 
manufacturer's recommendations. The reflectance readings are 
shown in the following table: 



TREATMENT . 


REFLECTANCE (L VALUE) 


Buffer Control 


43.25 


Redepositing Cellulase Control 


37.92 


Nonredepositing Cellulase Control 


42.60 


Added Protease Treatment 


43.51 



Reflectance results correspond with visual observations that 
the addition of protease protein reduces the degree of 
redeposition on garments. The protease treated garments have 
similar reflectance readings to a nonredepositing cellulase 
treatment. Quality of abraded contrast is improved with 
protease treatment as well over redepositing cellulase 
treatment . 

EXAMPLE 6 

Use of added protease in combination with a surfactant, either 
added separately with the redepositing cellulase or added as a 
redeposit inhibiting composition is demonstrated in the 
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following treatments. Again, the same cellulase washing 
protocol was used for all cases, as described in Example 1. 

1. Buffer Control (no protease or cellulase) . 

2. Redepositing Cellulase Control = 0.5 ml of product/L of 
wash liquor (100 ppm total protein) dose of a redepositing 
cellulase, CELLUSOFI^L (Trichoderma cellulase preparation, 
commercially available from Novo Nordisk) , plus 0.25 ml of 
product/L of wash liquor (250 ppm) dose of nonionic 
surfactant, TRITON® X-100 (octylphenoxypolyethoxyethanol 
nonionic surfactant, commercially available from Union Carbide 
Chemicals and Plastics Co., Inc.). 

3. Added Protease/ Surfactant Treatment = 0.5 ml of product/L 
of wash liquor (100 ppm total protein) dose of a redepositing 
cellulase, CELLUSOFT™L (Trichoderma cellulase preparation, 
commercially available from Novo Nordisk) , plus 0.25 ml of 
product/L of wash liquor (250 ppm) dose of nonionic 
surfactant, TRITON® X-100 (octylphenoxypolyethoxyethanol 
nonionic surfactant, commercially available from Union 
Carbide), plus about 0.2 mis of GC899 protease protein/L wash 
liquor (40 ppm total protein) . this resulted in a dose ratio 
of about 1:0.4 based on total protein. 

4. Nonredepositing Cellulase Control » 2.5 ml of product/L 
of wash liquor (100 ppm total protein) dose of DENIMAX™ L 
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( ndoglucanase derived from Humicola, a non-pathogenic mold 
and commercially available from Novo Nordisk) . 

5. Backstain Inhibiting Composition Blend = a blend 
comprising of redepositing Trichoderma cellulase (from 
Genencor International, Inc.), subtilisin protease (GC399 from 
Genencor International, Inc.) and nonionic surfactant (TRITON® 
x-120, octylphenoxypolyethoxyethanol nonionic surfactant, 
commercially available from Union Carbide) was dosed at 2 g of 
blend/L of wash liquor. This is about a 1:0.4 ratio of 
cellulase to protease protein as defined previously. This 
dose of the blended product resulted in doses of 60 ppm total 
protein from the cellulase product, 24 ppm total protein from 
the protease product and 120 ppm surfactant. The blend was 
made up of 3% total protein from the cellulase, 1.2% total 
protein from the protease and 6% of the surfactant. 



TREATMENT 


REFLECTANCE (L VALUE) 


Buffer Control 


43.25 


Redepositing Cellulase Control 


35.65 


Protease /Surfactant Treatment 


42.48 


Nonredepositing Cellulase Control 


42.60 


Backstain Inhibiting Composition 
Blend 


42.33 



As can be seen, the addition of protease to a redepositing 
cellulase in the presence of surfactant, either as separate 
components added altogether (protease/ surfactant treatment) , 
or as a single backstain inhibiting composition (backstain 
inhibiting composition blend) , markedly reduces the degree of 
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redeposition. Reflectance values of protease treatments are 
similar to those of a nonredepositing cellulase or buffer 
treatment. Visual observations confirm this. The contrast of 
the abraded look is also improved with protease treatment 
which is better than treatment with the redepositing cellulase 
control . 
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WHAT IS CLAIMED: 

1. A backstain inhibiting composition comprising a 
redepositing cellulase and an added protease in a ratio of 
from about 5 ppm total protein in the redepositing cellulase: 
1,000 ppm total protein in the added protease to 1,000 ppm 
total protein in the redepositing cellulase : 1 ppm total 
protein in the added protease, 

2. The composition according to Claim 1 wherein the 
cellulase to added protease ratio is about 1 ppm total protein 
in the redepositing cellulase: 10 ppm total protein in the 
added protease to 100 ppm total protein in the redepositing 
cellulase: l ppm total protein in the added protease, 

3. The composition according to Claim 1 wherein said added 
protease is a serine or metallo protease. 

4. The composition according to Claim 1 wherein said added 
protease is from Bacillus or Aspergillus. 

5. The composition according to Claim 1 wherein said 
redepositing cellulase is from Trichoderma . 
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6. The composition according to Claim 1 wherein said added 
protease or said redepositing cellulase has been modified by 
genetic engineering to yield a strain which overexpresses 
particular components of said protease or cellulase or is 
deleted for specific components. 

7. The composition according to Claim 1 wherein said added 
protease or said redepositing cellulase has been modified by 
protein engineering to yield said protease or cellulase 
enzymes having altered properties such as enzyme activity or 
specificity. 

8. The composition according to Claim 1 wherein said 
composition further comprises a surfactant. 

9. The composition according to Claim 1 which is a dry 
granular product. 

10. The composition according to Claim 1 which is an aqueous 
solution. 
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11". A backstain inhibiting composition comprising a 
redepositing cellulase from Trichoderma and an added 
subtilisin protease in a ratio of from about 1 ppm total 
protein in the redepositing cellulase: 10 ppm total protein in 
the added protease to 100 ppm total protein in the 
redepositing cellulase: 1 ppm total protein in the added 
protease. 

12. A method for introducing into the surface of indigo-dyed 
denim , localized areas of variation in color density and a 
high contrast between blue and white fibers of the denim, said 
method comprising contacting the denim with: 

a. an effective amount of a redepositing cellulase 
sufficient to produce the variations in color density; 
and 

b. an effective amount of an added protease sufficient 
to reduce backstaining and increase the contrast between 
blue and white fibers in any order. 

13. The method according to Claim 12 wherein the effective 
amount of cellulase and protease is a ratio from about 5 ppm 
total redepositing cellulase protein: 1,000 ppm total added 
protease protein to 1,000 ppm total redepositing cellulase 
protein: 1 ppm total added protease protein. 
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14. The method according to Claim 12 wherein said added 
protease is a serine or metallo protease. 

15. The method according to Claim 12 wherein the protease is 
from Bacillus or Aspergillus. 

16. The method according to Claim 12 further comprising the 
addition of a surfactant in an amount sufficient to further 
increase the removal of redeposited indigo dye. 

17. The method according to Claim 12 wherein the protease 
contacts the denim in a separate treatment water after the 
cellulase treatment. 

18. The method according to Claim 12 wherein the redepositing 
cellulase is from Trichoderjaa. 

19. The method according to Claim 12 wherein said added 
protease or said redepositing cellulase has been modified by 
genetic engineering to yield a strain which overexpresses 
particular components of the protease or cellulase or is 
deleted for specific components. 

20. The method according to Claim 12 wherein said added 
protease or said redepositing cellulase has been modified by 
protein engineering to yield protease or cellulase enzymes 
having altered properties such as enzyme activity or 
specificity. 

-28- 



SUBSTITUTE SHEET 



WO 93/25655 



PCI7US93/05700 



21. The method according to Claim 12 further comprising 
contacting the denim with pumice stones. 

22. The composition according to Claim 3 wherein said serine 
protease is a subtilisin. 

23. The method according to Claim 14 wherein said serine 
protease is a subtilisin. 
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